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tween those events that occur for both bona fide cyto-
plasmic proteins and signal sequence-containing trans-
membrane type I polypeptides.
Connecting the Dots:Mutations in ion channel genes are the basis for a
number of inherited neurological disorders, termed From Actin Polymerization
channelopathies (Ptacek, 2002). At least some of these to Synapse Formation
mutations, for example, those in the Kv1.1  subunit that
lead to episodic ataxia type I, involve protein misfolding
(Manganas et al., 2001). While to date no EA-1 or other
channelopathic mutations have been localized to the Kv
Protrusive behavior of dendritic spines on developingchannel T1 domains, mutations in putative C-terminal
neurons has been previously suggested to mediateassembly domain of the related KCNQ  subunits are
the formation of new axodendritic synaptic contacts.the most common channelopathic KCNQ mutations
A study by Zito et al. in this issue of Neuron links actin(Singh et al., 2003). The role of the T1 domain in mediat-
polymerization in dendritic spines with the motility thating the subunit assembly events that irrevocably define
the spines exhibit and the synapses that they form.the subunit composition of Kv channels is crucial in
defining diverse aspects of channel function, cell sur-
face abundance, and subcellular localization. The paper Understanding the mechanisms that regulate the forma-
by Kosolapov et al. provides the first insights into the tion of synaptic contacts is of interest in both normal
folding events that shape T1 domain structure in the and pathological contexts. Dendritic spines, small pro-
final moments before it exits the ribosome and is called trusions that stud dendrites, bear the majority of excit-
upon to correctly fulfill its critical role. Future studies atory input in the central nervous system. Advances in
employing real-time analyses of protein folding, using microscopy now allow the visualization of these synaptic
FRET, for example, will lead to further insights into the structures and the subcellular signaling in them. Such
dynamic aspects of these events and how they lead studies indicate that, during postnatal development,
to the final structure of this interesting and important dendritic spines exhibit highly protrusive motility (Dailey
membrane protein functional domain. and Smith, 1996; Lendvai et al., 2000; Grutzendler et al.,
2002). This developmentally regulated spine behavior
was proposed to mediate the formation of new contactsJames S. Trimmer
between dendrites and axons (Ziv and Smith, 1996). The
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cellular mechanism that powers the motility of dendritic
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spines has been shown to be the polymerization of actin
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These discrete findings suggest that polymerization of
dendritic spines leads to spine motility, which in turn
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leads to the formation of synaptic contacts.
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togenesis? One way to address this problem would be14, 1666–1676.
to alter spine motility in a subset of developing neuronsDeutsch, C. (2003). Neuron 40, 265–276.
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tion. Zito and colleagues performed this analysis amply 2003), could be used in the future to address this
and elegantly. question.
To manipulate spine actin polymerization, Zito and Another interesting question that this study raises is
colleagues have used deletion mutants of NeurabinI the connection between spinogenesis and spine motil-
(NrbI). NeurabinI and its homolog neurabinII (also known ity. One could imagine a scenario in which increased
as Spinophilin) interact with actin as well as postsynap- polymerization would cause an increase in the number
tic scaffolding and signaling proteins and have been of spines formed without changing their dynamics. The
shown to play a role in spine morphogenesis (Feng et fact that more spines that are also more motile are in-
al., 2000). Zito and colleagues not only confirmed the duced by NrbI(1-287) suggests that both spine morpho-
spine localization of GFP-tagged NrbI (GFPNrbI) in or- genesis and spine dynamics are regulated by actin poly-
ganotypic hippocampal slice cultures, but also demon- merization.
strated the dependence of the localization on interac- Finally, the authors have investigated the functional
tions with polymerized actin. Moreover, the authors used consequence of an NrbI(1-287)-induced increase in
fluorescence recovery after photobleaching (FRAP) to number of spines and synapses. They measured both
demonstrate that NrbI spine localization is also depen- spontaneous responses and evoked responses to laser
dent on an interaction with an unidentified target. scanning photostimulation (glutamate uncaging). They
Importantly, Zito and colleagues find that overexpres- found that, despite the increased number of synaptic
sion of the actin binding domain of NrbI, NrbI(1-287), in inputs on the NrbI(1-287)-expressing cells, the total syn-
neurons results in a 1.5- and 1.6-fold increase in spine aptic input those cells receive did not change due to
density and spine length, respectively. By successfully the reduced size of the individual inputs. This result is
finding a way to manipulate spine characteristics, the reminiscent of the homeostatic synaptic scaling mecha-
authors could now examine how the hyperspiny pheno- nism described by Gina Turrigiano and colleagues, in
type is related to actin dynamics and spine motility on which a change in the number of synaptic inputs is
one hand and to synaptogenesis on the other. compensated for by a change in the strength of the
To address the link between actin dynamics and spine synaptic inputs, keeping the total synaptic input to a cell
morphogenesis, the authors turned again to FRAP of
constant (Turrigiano et al., 1998). Zito and colleagues’
GFPactin. Similar to the analysis performed by Ven-
finding that the ratio of AMPA/NMDA currents does not
katesh Murthy’s lab (Star et al., 2002), they identified
change in the NrbI(1-287)-expressing neurons lends
three different pools of actin: mobile, dynamic, and sta-
support to the homeostatic mechanism. AMPA recep-ble, each defined by an increasing FRAP time constant,
tors in spines have been previously reported to be corre-and determined the relative proportion of these pools.
lated with the size of the spine head (Matsuzaki et al.,Comparison of FRAP of GFPactin in control and NrbI
2001). Curiously, Zito and colleagues report an increase(1-287)-expressing cells revealed that, although the rate
in spine length in the NrbI(1-287)-expressing hyperspinyof the filamentous actin turnover rate was not different,
neurons but do not report a change in the size of themore of the actin was in a polymerized, filamentous
spine head, which one might expect. A morphologicalstate. By performing time-lapse imaging of younger neu-
correlate of synaptic scaling where synaptic numberrons, the authors show a dramatic effect of NrbI(1-287)
and spine head size are coregulated has been previouslyexpression on spine dynamics. Neurons expressing the
demonstrated in vivo (Wallace and Bear, 2004; Hayashiactin binding domain of NrbI exhibit increased motility
et al., 2004).and exploratory activity, potentially leading to an in-
In recent years, numerous molecular families, includ-crease in axodendritic contacts.
ing extracellular factors, receptors, scaffolding proteins,It appears, therefore, that increased spine poly-
and regulators of the cytoskeleton, have been shownmerization leads to increased spine dynamics and mor-
to regulate spine numbers and shape. Not surprisingly,phogenesis. The final step linking spine actin dynamics
many of those molecules converge on the regulation ofto synaptogenesis is to show that, in the NrbI(1-287)-
actin filaments. Although the Zito et al. paper providesexpressing neurons, the plentiful spines are indeed con-
important insight into the function of NrbI in regulatingtacted by presynaptic terminals. This was laboriously
spine morphogenesis, it is clearly only one of manydemonstrated by 3D reconstruction of previously im-
aged dendritic segments following serial section elec- potential regulators of actin polymerization. The real
tron microscopy. These experiments reveal that the in- strength of the study is the use of this intervention point
crease in spine dynamics was accompanied by an to address the more general question of linkage of actin
increase in the number of synaptic contacts. In fact, the polymerization with spine dynamics and synapse forma-
proportion of innervated spines was larger in the NrbI tion. Finally, since a more subdued type of spine motility
(1-287)-expressing neurons, suggesting that the actin is known to continue after synapses are formed (Fischer
binding domain containing a portion of this protein in- et al., 1998; Dunaevsky et al., 2001), one of the outstand-
duces both spine and synapse morphogenesis. Al- ing questions regarding spine motility is what could be
though this gain-of-function approach is the first dem- its function beyond synaptogenesis.
onstration linking changes in actin polymerization to
both spine dynamics and the formation of synapses, this
link would have been even stronger if a complementary
Anna Dunaevskyloss-of-function approach was employed. Would re-
Department of Neuroscienceduced actin polymerization and less motile spines lead
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